Input-output models are used to forecast various effects that can occur to an industry as it interacts with other industries under changing conditions in the general economy. The conceptual framework for such models was established many years ago by such economic theoreticians as Quesnay ( 1758) and Leon Walras (1877) and, more recently, Leontief. As is readily apparent, these interindustry interactions are not only complex but numerous. Therefore, the practical use of these concepts has largely awaited the advent of the computer. In this paper, an input-output model developed for IBM is described to show what parameters are used in such models and what type of results are expected.
Input-output models are used to forecast various effects that can occur to an industry as it interacts with other industries under changing conditions in the general economy. The conceptual framework for such models was established many years ago by such economic theoreticians as Quesnay ( 1758) and Leon Walras (1877) and, more recently, Leontief. As is readily apparent, these interindustry interactions are not only complex but numerous. Therefore, the practical use of these concepts has largely awaited the advent of the computer. In this paper, an input-output model developed for IBM is described to show what parameters are used in such models and what type of results are expected.
The purpose of the IBM input-output (1l0) model is to forecast the industrial implications of changes in the overall national economy. Given forecasts of such broad components of the Gross National Product (GNP) as personal consumption expenditures, investment, exports, imports, etc., the I/O model makes predictions of output originating in different industries.
The G N P components are forecast by an Annual Macro Econometric Model developed by IBM'S Economic Research Department. ' The Annual Model consists of a set of simultaneous equations which represent the interrelationships among different aggregate (macro) economic variables. From a set of assumptions about policy variables such as government expenditures, personal income tax rates, treasury bill rates, etc., the system of equations can be solved for such economic aggregates as GNP, personal consumption expenditures, investment expenditures, imports, etc. The Annual Model is thus suitable for forecasting the impact of alternative fiscal and monetary policies, political developments, demographic trends, etc. on the overall national economy. But it cannot predict the impact of these aggregate economic changes on individual industries. The IBM 1/0 model, however, is specifically designed to assess these direct and indirect industrial impacts.
For example, the macro model can be used for predicting the increase in total consumer expenditures on durable goods as a consequence of a tax cut. However, the model is not capable of forecasting the resultant expansion in the output of particular consumer durable goods such as furniture, household appliances, and television sets. Also, the Annual Model cannot appraise the indirect effects of the consumer expenditure on those industries that provide raw materials to make the durable goods. The IBM r/o model, however, can assess the effect on various industries of a change in consumer spending for durables, to continue the example, by answering the following types of questions:
What proportions of the increased consumer expenditure on durable goods, whether it resulted from a tax cut or another reason, will be for specific commodities such as household appliances, furniture and fixtures, and television sets? By how much will the output of the industries that manufacture the consumer durables be increased? By how much must the output of a raw material like steel be increased to produce the additional final products? By how much should coal output be increased to produce this additional amount of steel?
The list of questions would continue, but a more important question is:
By how much will the Gross Product Originating, or GPO, (which is the sum of wages, salaries, profits, etc.) increase in such industries as appliance and furniture manufacturing, which are directly affected by the increase in demand for consumers' durable goods, and in industries like coal, steel, plastics, and electric utilities, which are indirectly affected by the increased demand?
The analysis of the impact of a change in consumer spending is only one example of the changes in the economy dealt with by the I/O model. Similarly, the I/O model enables us to assess the change in industrial composition of total output of the economy as a consequence of changes in various other variables such as govern-
The relationship between G N P components and such industry variables as final demand, output, and value added can be seen from a set of identities known as the I/O transactions tables which show the flows of goods and services among different industries as well as flows from the industries to final users.
The first section of the paper discusses the rudiments of the I/O transactions tables. The discussion is confined to a simple example, but it covers the most essential features of an I/O framework. A comprehensive discussion of the problems in constructing I/O tables, such as the treatment of imports and secondary products, can be found in Reference 2.
The transactions tables constitute the foundation upon which all I/O models are built. The second section shows how the two key sets of parameters that are used in I/O forecasting are obtained from an I/O transactions table. These parameters, the Input-Output Coeficients and the Final Demand Coeficients (also known as the Bridge Coeficients), are often referred to as the A and the H matrices. The I/O coefficients indicate how much output of one industry is needed to produce a unit of output in another, whereas the bridge coefficients indicate the product composition of the aggregate expenditures ( G N P components).
In the third section of the paper, the general method of industrial forecasting in an I/O framework is illustrated in a simplified threeindustry economy. The example shows how one could obtain the final demand by industry from a given set of G N P component forecasts. This example also illustrates how the I/O methodology enables us to take account of the chain of indirect effects (i.e., the ramifications across all industries of a change in the demand for the output of any particular industry).
In the forecasting procedure illustrated in the third section, it is assumed that the basic parameters of the model, namely the A and H matrices, will remain constant in the forecasting period. However, this assumption should be relaxed for making forecasts in a realistic environment where innumerable forces are at work causing variations in the basic parameters of the model.
There are a variety of methods for taking account of the changes in the A and H matrices directly or indirectly. An evaluation of a number of direct and indirect methods can be found in Reference 3. The direct methods that are usually employed to explain and predict the changes in each coefficient in the A and H matrices require the use of a large number of equations. This requirement presents several problems: First, the equations are to be estimated simultaneously with appropriate restrictions on their coefficients in order that the basic identities of the I/O frame-work are not violated. The problems involved in estimating such equations for a large-scale I/O model are formidable as can be seen from the studies listed in References 4-7. Second, we do not have sufficient historical data to study and forecast each coefficient in the A and H matrices.
As the practical and theoretical difficulties of the direct methods seem to outweigh their advantages, we decided to adopt an indirect approach to take account of the changes in the A and H matrices in the IBM r/o model. Our method does not require a series of observations on each of the coefficients. The fourth section of the paper includes a discussion of how the changes in the A and H matrices are indirectly taken into account in the I/O model.
The I/O model is used to forecast current-and constant-dollar GPO for 86 industries and output for 5 1 manufacturing industries. Value added by industry, which is introduced in the first section, and Gross Product Originating, which is forecast by the I/O model, are conceptually very similar. Whereas we have a time series of GPO from the U.S. Department of Commerce, value added data by industry is available for only a selected number of years. As a result, we use GPO instead of value added for analysis and forecasting in the IBM r/o model. Also, the sources of basic data used for constructing these variables are not the same. The similarities and the differences between GPO and value added are discussed in the fourth section.
In the last section, the simulation performance of the I/O model is analyzed for the period 1955 to 1975.
The input-output transactions table
Every firm can be examined from two points of view: first, as a producer of the output it sells to other firms and to the final users of its product, and second, as a user of the inputs it buys from other firms and of the primary factors of production it purchases (labor, capital, space, etc.). If all business firms, households, and governments are grouped into industries, the same two-fold market structure still holds. Industries buy in one range of markets and sell in another. The I/O transactions table shows these dual market relationships among all industries in the economy.
An example of an I/O table that shows the flows of goods and services among different branches of an economic system during a particular period of time is given in Figure I 
f,, is sales by industry 2 to investors ($40).
f Z 3 is sales by industry 2 to governments ($60).
f , , is sales by industry 2 to foreign countries ($30).
By adding intermediate and final demands for any industry, shown in the row corresponding to that industry, we get a basic input-output identity. It is called the YOW identity and it gives the total value of sales for that industry.
where X , is total output of industry 2 and the total final demand for its products is:
If we have N industries and M final demand categories, the row I identity for the ith industry will be:
The final demand identities show the product distribution of the demand G N P components. In Figure 1 , for example, if we sum down the identities final user column (C) , we will get the total amount of output sold by all the industries to the households for consumption; if we sum down the second final demand column ( I ) , we will get total value of the machinery and other investment goods sold by all the industries to business firms. Similarly, the total amount of goods and services sold to governments by all the industries is obtained by summing down the column ( G ) , and the total of net exports by all the industries is obtained by summing down the column ( E X ) .
Denoting the totals for these four final demand categories as E,, E,, E,, and E,, we find that E , = $100, E, = $40, E, = $68, and E, = $37. Their sum totals to the GNP ($245) of the economy. E,, E,, E,, and E, are often referred to as the GNP components. (The terms G N P components, uggregute expenditures by cutegory, and $nul demand totals b y category are used synonymously.) cost structure
In Figure 1 , the columns under "Intermediate Demand" show of industries the materials purchased by different industries for use in their production processes. For example, reading down the second column, we have materials purchases by industry 2 ($20 from industry 1, $10 from industry 2, and $80 from industry 3 ). The primary factor payments (wages, profits, interest, rent, etc.) by different industries constitute "Value Added". In Figure 1 , from the second column under "Value Added," it can be seen that the wage payments of industry 2 are $50, profits are $30, and other factor payments are $10. The total value added in industry 2 is $90. If we sum the materials purchased by industry 2 from all other industries with the value added in industry 2, we will arrive at the total output of industry 2. Thus, the column identity for industry 2 is: Output = Cost of materials + Value Added i.e., X , = xl, + x,, + x3, + V, ( 7 ) where V, is the value added in industry 2.
X , = $20 + $10 + $80 + $90
In the general case shown in Figure 2 , the column identity is: N If we sum the value added in all the industries, we will get GNP, the total value of goods and services produced by the economy.
In the example given in Figure I ,
In general,
The above identity shows each industry's contribution to the total GNP. It can be seen from Figure 1 that, by summing the expenditure totals for the four final demand categories (Households, Investors, Governments, and Foreign Countries), we arrive at the same figure of $245. Thus, Total expenditure = Total factor payments l.e.,
In the above identity, N refers to the number of industries, and M refers to the number of final demand categories.
The identity of Equation 1 1 
The basic parameters of an input-output model
The basic parameters of an I/O model are the input-output coejicients and the $nul demand coeficients. These are usually estimated by simple ratios taken from a base year I/O table.
While the dollar value of flows among the industries is subject to considerable change from year to year, the coefficients obtained from the rlo table are much more stable. Input-output forecasting methods take advantage of this temporal stability. A, is the dollar value of ith industry's products going into the kth final demand category (i.e., kth G N P component). E, is the total value of the kth category of final demand.
In Figure 1 , E , shows the total household expenditure for personal consumption and is equal to $100. Out of this $100, $30 are spent on goods produced by industry 1 (agricultural products). Similarly, total spending for investment by all the economic units in the entire economy is E, and is equal to $40. None of this $40 is spent on goods produced by industry 1 because the agricultural sector does not produce any machinery or other investment goods. Therefore, of outputs by industry. However, technological and other factors cause changes in the A and H coefficients from year to year. While we do not have sufficient historical data to study the shifts in each of the N 2 + N X A4 coefficients, we must take these changes into consideration when forecasting.
In the IBM I/O model, we adopt an econometric approach to capture these shifts indirectly. Our method does not require direct observations on each of the coefficients for every year. The methodology of the IBM I/O model will be elaborated later.
Forecasting the outputs by industry
In order to understand the general methodology of input-output forecasting, it is worthwhile to explore how to make industrial projections if the A and H matrices remain constant through time. In a later section we will discuss how our forecasting strategy is modified to be applicable in a more realistic environment where the A and H matrices vary through time.
In reference to Figure 1 , suppose we know the future values of the G N P components: specifically, that the projected values of total household expenditure for consumption, business investment, government expenditures, and net exports to foreign countries are $200, $60, $120, and $100, respectively. With this information, the A and H matrices are quite useful in estimating the industry-by-industry requirements of outputs implied in these G N P component projections.
The first step is to compute the industry distribution of these four categories of final demand aggregates. Applying the H matrix, the final demands for each industry's follows: Of the $200 of total expenditure by households for consumption, 30 percent will be purchased from industry 1 (Le., agricultural products). Thus, the total final demand for the products of industry 1 will be:
nothing will be spent on agricultural products.
the products produced by agriculture.
Similarly, the final demands for industries 2 and 3 can be calculated as: The above equations imply that the total output of industries 1, 2, and 3 are:
Rewriting these equations, we get In matrix notation the above solution is represented as:
demand for agricultural products increases by $100, initially it will generate an indirect demand of $30 for manufacturing output (see the A matrix given earlier in the discussion on I/O coefficients). To produce this $30 of manufacturing output, an additional $3 of output from agriculture, $1.5 of output from manufacturing, and $12 of output from services are needed. Thus a chain of indirect effects is generated. Taking all these indirect effects into consideration, we will need $107.9 of agricultural products, $36.1 of manufacturing output and $14.4 of services, to support the $100 of final demand for agricultural products. These figures can be obtained from the (I -A)-' matrix given above. In Equation 29, the total requirements are implicitly calculated as the sum of direct and all indirect effects and can be seen from the power series expansion of the (I -A)-' matrix: 
The IBM input-output model
In the previous section, a methodology was developed for projecting the output requirements by industry, given future values of the G N P components. It was shown that such a forecasting method relies heavily on the A and H matrices. The simple example shown in the previous section involved only three industries and used only the base year A and H matrices to arrive at its output forecasts. However, base year A and H matrices can provide only preliminary forecasts (or first approximations) of realistic outputs by industry. These predictions must be refined substantially in order to account for changes in the A and H matrices. The IBM 1/0 model makes provisions for such refinements for each of its 86 industries. ii, is the synthetic output for the ith industry during the period t , and X , is the actual output for the ith industry in the same period.
The discrepancy Xi, -X i t shows the changing importance of the ith industry in the economy. If Xi, -Xit is greater than zero, it means that the importance of the ith industry is greater in period t than in the base period 1967. For the industries with declining importance, X , -X i , shows a downward trend. Such had been the case for the coal mining industry until the early seventies. Since then, with the onset of crude oil and natural gas shortages, the discrepancy has started to move up. Similarly, the growing industries like plastics show an upward trend.
During the period 1950-75, the discrepancies between the actual and synthetic outputs showed long-term trends for some industries and cyclical movements for others, and some of the industries exhibited both types of movements. In addition, the discrepancies were found to be correlated with variables such as time trend, GNP, unemployment rate, etc. These correlations are hardly surprising, because Xi, -X, is mainly affected by movements in the A and H matrices, caused by such factors as technological advance, changes in tastes, material shortages, rates of capacity utilization, and the general economic conditions.
Technological changes and changes in tastes and quality tend to occur in a gradual way through time. Hence, a time trend serves as a good explanatory variable for capturing these gradual changes. Since the efficiency of raw material use tends to vary with supply as well as demand pressures, such variables as rate of capacity utilization are also needed to explain variations in the discrepancies.
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The elements of the H matrix are also sensitive to both short-term and long-term factors. Thus, economic indicators such as G N P , unemployment rate, changes in inventories, etc. and a time trend are used to explain the discrepancies between the preliminary forecasts and the actuals. Equations of the following form can be used to explain and forecast these discrepancies:
where 2, represents the economic variables such as G N P or unemployment rate and t represents the time trend.
The above form, however, is not used for many industries in the model because the time series of outputs and the benchmark outputs given in the 1967 I/O table differ somewhat in their coverages. If we assume that the outputs generated by using the base year A and H matrices are to be scaled up or down in order to make them consistent with the time series data, we can use the following alternative form of Equations 34:
The pi coefficient turned out to be close to unity in those industries where the differences in the time series data and the benchmark data (1967 r/o table) are negligible.
Also, the economic variable ( Z , ) is not necessarily the same for all the industries. For some industries G N P gives better explanations; for others the unemployment rate is better. After a great deal of testing, the appropriate explanatory variables were selected for each of the 86 industries.
The final output forecast for the ith industry is obtained from:
GPO forecasts
The U.S. Department of Commerce constructs a time series of by industry Gross Product Originuting (GPO) for a number of manufacturing and nonmanufacturing industries. GPO is conceptually very close to "value added" by industry, which is described in Figure 1 . Like value added, it includes primary factor payments and excludes intermediate raw material costs. It includes such items as employee compensation, profits, depreciation, etc. Also, the sum of GPO in all the industries is equal to total G N P in the economy.
However, the source of the basic data used in the construction of value added is different from that used for GPO. Value added as given in the I/O tables published by the U.S. Department of Commerce8 is obtained from the economic census, and it is available for only a selected number of years during the historical period. Also, value added in the I/O tables is often derived as a residual, i.e., as the difference between total output and cost of materials and services.
GPO by industry is available for all the years between 1950 and 1975. The Commerce Department constructs the GPO series by adding each industry's share of capital consumption and other adjustment items to income originating in that industry. One major source for the wage and salary component of income originating by industry is the state unemployment agencies. The profit component for many industries is obtained from Internal Revenue Service data. The details of other sources and methods used for constructing the GPO series is available in Reference 9.
The IBM 110 model predicts GPO for each of the 86 industries. In the model, GPO forecasts are derived from the output forecasts using the c~o / o u t p u t ratios.
From historical experience, we have found that the cPo/output ratios by industry are sensitive to the level of general economic activity and specifically to variables such as corporate profits. For some industries, a slight trend is also observed. To forecast the GPO/output ratios, equations of the following type are used:
GPO,,
~--q,(t,CYCLE,)
Xi t
(37)
where t is a time trend variable and CYCLE is a cyclical variable such as corporate profits before taxes. The GPO forecasts for the ith industry are obtained as:
GPO, T+7 = X , T+r X T , ( T + 7,
Time series of outputs are not readily available for most of the nonmanufacturing industries, so for nonmanufacturing industries we forecast GPO directly without going through the output forecasts.
The IBM Ilo model is built in value terms, not in physical terms. That is, the A and H coefficients used in this model are constructed from dollar values of flows of goods and services among the industries and between the industries and the final users. The forecasting is also carried out in value terms. Starting with a set of projected values of current dollar G N P components, forecasts of output and GPO are obtained in current prices. In order to arrive at the constant dollar GPO forecasts, we need projections of the deflators. For each industry, predictions of the GPO deflators are obtained using equations of the type:
pi,= a p t , ULC,, C , )
where Pi, stands for the GPO deflator of the ith industry and P, stands for an aggregate price variable such as the G N P deflator, Wholesale Price Index, or some other aggregate price index. ULC, is an indicator of the unit labor costs in the economy and C , is a cyclical variable such as the unemployment rate. 
Appendix: List of industries and GNP components of the IBM I/O model
